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Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

Concentration using

osmotic evaporation

Context

> Economical aspects
— 80 % of fruit juices commercialized as concentrates
— concentrate = main form of storage and transport

> Why to concentrate fruit juices ?
— decrease mass and volume 5 to 6 times
— increase product stability (high TSS)

School of Food Technology 18 Suranaree University of Technology



Ago-Industry Ph.D. Consorium's Seminar on Membrane Technology: Principles and Applications

Classical Techniques

Process Concentration Concentrate | Cost

Vacuum
evaporation

Cryoconcentration

Reverse osmosis

% ; % condensation
gaz diffusion

School of Food Technology 19 Suranaree University of Technology



Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

Interests of the process

> No difficulty to reach high TSS
=> high concentration level
> Ambient temperature: no thermal degradations
> Total retention of non-volatile solutes
> Losses of volatiles limited
=> high quality concentrates
» Atmospheric pressure / easy to drive
= moderated cost
> Easy to change treatment capacity
—> modulability

The membrane

> Material

hydrophobic polymer (o < 30 mN.m!) unwettable by aqueous
solutions : PTFE, PVDF, PP, PE

> Structural characteristics
0.01 pm <G4 < 1.0 pm
50 % < porosity < 80 %
10 pm < 6 < 800 pm

—> classical membrane for air treatment
or organic solvents filtration

School of Food Technology 20 Suranaree University of Technology



Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

The concentrated brine

» Low water activity (a,, << 0.8)
— high soluble salt
— multivalent salt

» No toxicity

» Moderate cost

= CaCl, 5.5 mol.l! (45.5 % w/w)

Modules geometry

> Plane

» Tubular

Juice = —

School of Food Technology 21 Suranaree University of Technology
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Pilot plant

Concentrate

N, Brine
evaporatur
measure Juice Brine
pump cald
Brine tank .
Brine cooler
Brine pump

School of Food Technology 22 Suranaree University of Technology



Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

Experimental water flux
in batch mode
100 L of juice on plate and frame PVDF membrane
at 28 °C
70
1 Sucrose solution " ) -
1.,-"‘ 50 1 e =
B 40 1 a® * a®
X aet? @
— 30d a =~ .
2
g 201 =" =
0deasa==®" Orange juice
o T T T T T
0 2 4 6 ] 10
Time (h)

Experimental water flux
in continuous mode

Passion fruit juice on hollow fibers PE membrane (28 °C)

70 70,0

654 68,0 1
66,0
64,0 1
620+
60,0 WW
58,0

401 —a——Water flux (kg/h) 3601 —e—TSS (% wiw)

3.5 e Crine {MOLT) 3401

> 52,0 1
3o ¢ 50,0 ;
0.0 10,0 0,0 10,0

50
Time (k) 50 Time (h)
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Ago-Industry Ph.D. Consorium's Seminar on Membrane Technology: Principles and Applications

Experimental performances

> Concentration level

. orange juice 60 °B

. whole passion juice 50 °B

. clarified passion juice 65 °B

- pineapple juice 65 °B
> Water flux

0.4 kg.hl.m? < Jw <20 kg.ht.m?

Quality of concentrates

non volatile solutes in orange juice

Fresh juice |Concentrate
TSS (% wiw) 13.5 60.0
Acidity (g/TSSkg) 0.89 0.89
Sucrose (g/TSSkg) 3.3 33
Glu+Fru (g/TSSkg) 3.3 3.4
Vit. C (mg/TSSkg) 24 22

School of Food Technology 4 Suranaree University of Technology
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Quality of concentrates

non volatile solutes in passionfruit juice

Characteristle: ' Unit, Tnitlas OF - Thermal
L i .. Julee .. concentrate” concentrate

“Fotal seluble solids {TSS) P00 g 14 60 49
pH (20 °C) 31 28 27
¥Yitamin C mg/100 ml. 4 60 53

mafkg TSS 781 769 86
Titratoble ackdity mes/100 mik 59 350 260

eq/kg TSS 49 4.5 42
Water activity {25 °C) 0.99 0.81 £.92
Viseosity (25 °C) meas i3 1500 32
Density 1043 1360 1255

Quality of concentrates
volatiles in passionfruit juice
Concentrate* | Concentrate
LOSSES (%) 45 °B 41°B
osmotic vacuum
evaporation evaporation
Limonen <1 93
Ocimen <1 97
Myrcen <1 96
Ethyl acetate 37 96
Ethyl butanoate 52 096
pretreated by CMF.

School of Faod Technology 25 Suranaree University of Technology



Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

Quality of concentrates

sensorial analysis of passionfruit juice

Triangular test Hedonic tests
No significant difference Colour, taste, aroma
between fresh and

Sensorial profile of the juice
redilution) concentr‘amd using OFE nearer of

fresh fruit than those concentrated
using vacuum evaporation

concentrated juice (after

Conclusion

» Osmotic evaporation allows to
. concentrate fruit juices up to 65 °B

- better preserve juice quality
- nutritional (vitaming)
— sensorial (colour, flavour)

> A promising membrane technique for the
production of concentrates with high quality

» A process to be optimized for industrial scale

School of Food Technology 26 Suranaree University of Technology
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Main research works

» Optimization of membrane/module
configuration and operating conditions

> Better control of volatiles transferts

» Association with other membrane techniques
(CMF, RO)

Deacidification using

electrodialysis

School of Food Technology 27 Suranaree University of Technology
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The ED process

» Electrically driven membrane process
» Separation of selected ions from aqueous solutions

» Based on the property of ion exchange membranes to selectively reject ions: anion-
exchange membranes, cation-exchange membranes, bipolar membranes

Cathode @ Anode @

Cation-exchenge
membrane

Anicn-cxchange
membranc

The ion-exchange membranes

» Non porous and organic membranes (& 100-500 pum)

» Polymeric structure (styrene/divinylbenzene copolymers) containing charged groups
repelling ions of opposite charge (electrostatic repulsion called Donan exclusion)

» Homopolar membranes
- Anion-exchange membrane: quaternary amonium groups (-NR,%)
« Cation-exchange membrane: sulfonate groups (-3057)

» Bipolar membranes

+ Composite structure: anion-permeable membrane and cation permeable membrane
laminated together

+  When oriented such that the cation-exchange layer faces the anode, allow to spit
water into proton and hydroxyl ions

» Always plate and frame geometry, assernbled in stack with different configurations

School of Food Technology 28 Suranaree University of Technology



Ago-Industry Ph.D. Consorium’s Seminar on Membrane Technology: Principles and Applications

Examples of industrial
ED installations

Why deacidify fruit juices ?
» Very acidic juices: passionfruit, lemon, castillas blackberry, etc. (pH
2,5-3,0)

» High acidity limits uses as ingredients in the formulation of various
preparations (beverages, ice-cream, efc.)

» Purpose: decrease acidity (up to pHj ; =4 ) with gentle effect on
aromatic quality of juice

School of Food Technology 29 Suranaree University of Technology
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-
Available processes
Type Product quality Iavest. | Operating cost ‘Wastes Other drawbacks
cost production
Neutralization by Batch A lotof flavour No
soda madifications = -7
Marketing
problem:
Precipitation as Batch Goeod Precipitation ot natuzal
Ca salts (citrate, - - muds praduet (addition of
tartrate, malate) : reagent)
Ion-exchange Batch Flavour and colour + + Regeneration Pre-clarification
resins modifications ’ eifluents necessary
- {adsarption) {chemical for
regeneration)
Find other process: continuous, without wastes productlon, « natural product » image, aromatic quality clother than
fresh fruit, cost campatible with the market requirements

Examples of ED configurations
with homopolar membranes

CEM AEM CEM
]

EC ©1 E:EJutdE-- H)
_ @

Unitary cell with 2 compartments

C1 and C2 are connected, as for the two EC compartments,

+

Nl X
e ey
A

Unitary coll with 3 compattments
Ct and C2 are separated compartrnents, the twe EC are connected,

‘School of Food Technology 30 Suranaree University of Technology
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Examples of ED configurations
with bipolar membranes

CEM AEM aM AE

Unitary cell with 3 compartments
Cl and C2 are separaled compariments, the two EC are connected.

M AEM B

Unjtary cell with mpartments
The two EC cempertments are connseted,

Process optimization

> Operating conditions
» Configuration
* Ion-exchange membranes

« Current density, hydrodynamics (crossflow velocities in each
compartment, spacers)

+ Temperature

» Criteria to consider for optimization
* Deacidification efficiency
» Product quality (modification of ionic and non ionic
composition)
» Energy and reagent consumption

School of Food Technology 31 Suranaree University of Technology
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Examples of experimental results
Membrane effect

Overall curent efcioncy
[£]

AN
R4G30
AXED]

Deacidificationrate {eqh’m?)
Al
R4030
AXEN

Colour variation

=
=
<<

Enorgy consumption
trovh 1 of palca)

NaOH consumption
@.r’ of juica)

ANV

R4020

AXEDL
AMV
4030
AXEST

Passtonfruit juice dexcification
Performances of different anion-exchange I in the ED3C configuration.
Spacers 0.8 mm, temperature 25 °C, flow rate of the juice/™NeOH/NaCl compariments: 3.6 dm® by current density: 200 A w2,

Examples of experimental results
Configuration effect

Doacidticaton e
taq ' .m}

-
k=3
4

EDIC
ED2MIC
£Dasac

B
@

Colour variation

ED3C
EDBM3C
EDBM2C [

Passfonfrult fulce deaciflcation
Performances of difterent configurations,
AXEO0! membrane, spacers 0.8 mm, temperature 25 °C, flow mi¢ in all companiments: 3.6 dm® b'; current density: 400 A m2.
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Examples of experimental results
Aromatic quality of the final product

60

DI i s B R
40 - No significant difference
with fresh juice

30

Rank

20 1

10 14

CaC03  Ce(OH)RZ Resin ED3S  EOMB2C

Passlonfrult julce deacification
Degree of preference of zroma with juices deacidificd by differcnt metheds (o < 0.05).

Conclusion

» Electrodialysis allows to
- deacidify acidic juices up to pH 4
- without generating wastes
- without adding chemical reagent into the product
- preserve better juice quality than ion-exchange resins
» A good alternative to develop new low-acidic
juices with high aromatic quality

> A process to be evaluated economically for
industrial applications

School of Food Technology 33 Suranaree University of Technology



Ago-Industry Ph.D. Consorium's Seminar on Membrane Technology: Principles and Applications

General conclusions

> Interests of the membrane techniques presented

Increase quality New products

. Pulpy juices reconstituted i i ili
Microfiltration: PY ] : Clarified juices stabilized

{perm. + pasteuriz. ret.} atfow T
Osmothllle « cold » concentrates
evaporation
e s Aromatic juices

Eiectrpdnalys:s E _ deacidified
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